The restriction endonuclease from E. coli B is both an endonuclease and a DNA methylase. Both activities either require or are stimulated by Mg+2, adenosine triphosphate, and S-adenosyl-L-methionine. The particular activity which the enzyme exhibits depends upon the nature of the SB sites, the genetic sites that identify substrate DNA. Enzymatic treatment of DNA that has an unmodified, wild-type SB site results in either rapid restriction of the DNA or very slow methylation of the SB site. On the other hand, a hybrid SB site (modified), which protects the DNA molecule from restriction, results in rapid methylation of that SB site.
A DNA modification methylase that confers resistance to restriction by endonuclease R * EcoB* has been previously isolated (2) (3) (4) . In addition, a B-specific modification activity is also associated with purified endo Ret EcoB (Vovis, Horiuchi, atd Zinder, in preparation) as predicted (5) . Likewise, in the allelic K-specific restriction-modification system (6), highly purified preparations of endo R -EcoK contain K-specific modification activity (5, 7) . At the same DNA and enzyme concentrations, the methylation by these two related endonucleases is much slower than the nucleolytic activity (refs. 5 and 7, and this report). The nucleolytic reaction occurs in minutes while the methylating reaction requires hours. Similarly, methylase M -EcoB modifies DNA very slowly in vitro (4) .
We have been studying how hybrid SB sitest of bacteriophage fl are treated in vitro by the B-specific restrictionmodification system (refs. 11 
MATERIALS AND METHODS
The bacterial and fi phage strains are the same as those used previously (I1). The isolation of endo R EcoB has been described (14) . The hydroxylapatite fraction was used throughout these experiments. Endo R-Hind was purified by the method of Smith and Wilcox (15) ; however, the nucleic acids were removed by streptomycin sulfate precipitation instead of by Bio-Gel filtration. The preparation of covalently linked, circular double-stranded DNA (RFI) of fi phage was described previously (16) . The DNA duplexes containing hybrid SB sites were prepared (Vovis et al., in preparation) essentially as before (11) . RFI was enzymatically converted to a full length, linear double-stranded DNA molecule (RFIII) by endo R-HindII which cleaves fi DNA at a single site (Horiuchi, unpublished results). The RFIII was isolated and alkalidenatured, a 10-to 20-fold molar excess of f1 viral strands (single-stranded circular molecules) was added, and after annealing, the circular, double-stranded DNA which contains at least one single strand nick (RFII) was isolated by sucrose velocity sedimentation. bNA methylation was measured by the method used by Lautenberger and Linn (4) . (Fig. 3A) as compared to 7.5 min for restriction (Fig. 1 ). In addition, there appears to be a difference in the rate at which the two SB sites of fi are methylated. The SB2 site seems to be modified somewhat faster than the SB1 site (Fig. 2) . Consistent with this interpretation is the observation that the wild-type fi RFI which contains both SB sites is modified at a rate intermediate between the SB10 and SB320 RFI DNAs (Figs. 2 and 3A) . The comparative methylation experiments were done with substrate concentrations such that the total number of methyl groups that could be added to the different DNA substrates was the same.
Although an unmodified, wild-type SB site in RFI is methylated very slowly by endo R -EcoB, a hybrid site is methylated very rapidly (Fig. 3) (Fig. 3A) demonstrates that it is not the absence of super-coils in RFII molecules that is affecting the rate of methylation but rather the nature of the SB site itself, i.e., hybrid as compared to completely unmodified SB site. Furthermore, the rapid methylation of hybrid sites is independent of which strand in the DNA duplex is modified. There was no gross difference in the rate of methylation of the hybrid SB sites when either the viral or the complementary strand was the modified strand of the substrate DNA (Fig. 4) . Since a hybrid SB site affords protection for a DNA molecule from restriction (11, 13) , it is possible to test whether, in fact, the methylase associated with endo R -EcoB is stimulated by ATP and Mg+2. The restriction activity requires both Mg+2 and ATP in addition to SAM as was first demonstrated by Meselson and Yuan (13) . In the presence of ATP and Mg+2 (concentrations were those used in Fig. 1 ), the modification reaction was completed in one minute (Fig. 4) 4 ). Then 500 Ml 10% (w/v) trichloroacetic acid was added. The measurement of methylation, the treatment of the results, and the definition of "normalized cpm" were as for Fig. 2 .
DNA. The B-and K-specific restriction endonucleases are presumed to be composed of three different subunits (7, (17) (18) (19) (20) (21) . Each of these enzymes is both a nuclease and a methylase. Both of these activities are enhanced by or require SAM, ATP, and Mg+2 ( Fig. 4 ; refs. 5 and 7, and Vovis et al., in preparation). With the B enzyme and most probably also the K, the nature of the susceptibility site determines whether the enzyme will act as an endonuclease or as a methylase. A hybrid SBm/SB+ site, which affords the DNA molecule protection from B-specific restriction (11, 13) , is methylated (Figs. 3 and 4, and Vovis et al., in preparation). On the other hand, an unmodified DNA molecule is restricted although the cleavage occurs at a site other than the SB site (22, 23) . How these two types of SB sites are treated by the enzyme in vitro is consistent with the way that they undoubtedly arise and are treated in vivo. In E. coli B, the DNA immediately after replication should possess only hybrid sites. Such sites must be modified rapidly. If not, another round of DNA replication would yield some completely unmodified SB sites which would make the DNA susceptible to restriction. On the other hand, if bacterial or viral DNA synthesized in a foreign bacterium should enter E. coli B, it would do so with unmodified SB sites. These sites would be expected to be poor substrates for methylation but excellent ones for eliciting restriction, the appropriate protective reaction. The in vitro action of endo R-EcoB, i.e., rapid restriction but very slow methylation of molecules with unmodified SB sites and rapid methylation but no restriction of molecules with hybrid sites, is entirely consistent with the above in vivo scenario and suggests that this enzyme is responsible for both restriction and modification in vivo.
There seems to be another in vitro-in vivo correlation. The actual value is about 2-3% (8, 10) . In addition to the B-specific methylase associated with endo R-EcoB, a B-specific methylase, which has only two of the three subunits found in endo R-EcoB and lacks any restriction activity (2-4), has also been purified from E. coli B. This enzyme, should it exist in vivo, could act as a backup or fail safe system for endo R-EcoB. In any event, the rapid nucleolytic or methylating action of endo R -EcoB that is exhibited only on the appropriate physiological substrate, strongly suggests that endo R -EcoB is the enzyme responsible for both restriction and modification in vivo. Although it remains to be shown, it is probable that similar substrate specificity will be found for the methylating and nucleolytic activities of other restriction-modification enzyme systems.
